Preparation of elemental boron and measurement of its emittance at incandescent temperatures by Talley, Claude P.
University of Richmond
UR Scholarship Repository
Master's Theses Student Research
1960
Preparation of elemental boron and measurement
of its emittance at incandescent temperatures
Claude P. Talley
Follow this and additional works at: http://scholarship.richmond.edu/masters-theses
Part of the Chemistry Commons
This Thesis is brought to you for free and open access by the Student Research at UR Scholarship Repository. It has been accepted for inclusion in
Master's Theses by an authorized administrator of UR Scholarship Repository. For more information, please contact
scholarshiprepository@richmond.edu.
Recommended Citation
Talley, Claude P., "Preparation of elemental boron and measurement of its emittance at incandescent temperatures" (1960). Master's
Theses. 1232.
http://scholarship.richmond.edu/masters-theses/1232
PREPARATION OF ELEMENTAL BORON 
AND MEASUREMENT OF ITS EMITTANCE 
AT INCANDESCENT TEMPERATURES 
By 
Claude P. Talley 
A Thesis 
Submitted to the Graduate Faculty 
of the University of Richmond in 
partial fulfillment of the requirements 
for the degree of 
Master of Science in Chemistry 
August 1960 
UBF:A:1Y 
UNIVERSlTY OF RICHMOND 
VIRGINIA 
Approved: 
CONTENTS 
ABSTRACT 
I. INTRODUCTION 
II. BACKGROUND INFORMATION 
A. General 
B. Preparation of Boron by Chemical Vapor Plating 
C. Emittance and Its Determination 
Page 
3 
4 
6 
6 
7 
8 
III. EXPERIMENTAL PROCEDURES AND CALCULATIONS 1'3 
A. Prepa:ration of Boron Specimens 
B. Characterization of Boron Specimens 
C. Brightness and Power Measurements 
D. Calculations 
IV. RESULTS AND DISCUSSION 
A. Normal Spectral Emittance at O. 65 Microns 
B. Total Hemispherical Emittance 
C. Discussion of Errors 
V. SUMMARY 
VI. APPENDIX 
A. Acknowledgments 
B. Bibliography 
C. Autobiography 
-2-
13 
27 
31 
35 
38 
38 
44 
45 
48 
50 
50 
50 
67 
ABSTRACT 
The normal spectral emittance at O. 65 microns of elemental 
boron specimens was measured at incandescent temperatures 
by the hollow-tube method, This was made possible by de-
positing boron onto thin-walled hollow tubes of graphite and 
molybdenum .. An approximate value of the total hemispherical 
emittance for boron was also obtained. The deposition of boron 
was accomplished by chemical vapor plating with boron tribro-
mide and hydrogen. The boron produced was characterized. in 
several ways. 
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I. INTRODUCTION 
Although elemental boron was first isolated over 150 years ago, 
many of its properties are still unknown. This is probably related 
to the relative difficulty of obtaining pure boron and the fact that 
it exists in amorphous form and in at least four crystalline modifi-
cations. In recent years considerable interest has developed.in the 
potential use of boron in semiconductor devices, high-energy fuels, 
structural materials, and high-melting hard materials. 
The object of the present. research was to fill partly just one of 
the many gaps in the knowledge concerning the high-temperature 
properties of elemental boron. A previously undetermined property 
of elemental boron was chosen for measurement, emittance as a 
function of temperature at incandescent temperatures. Emittance 
data at 0. 65 µ are particularly useful because with them one can 
determine the true temperature of unenclosed objects from measure-
ments of their brightness temperatures with optical pyrometers. In 
the case of boron research at high temperatures, it is likely that in 
many instances the boron will be heated in the absence of a container 
because of the extreme reactivity of boron with container materials, 
and measurement of its temperature by optical means would be desir-
able. For example, the emittance data obtained in this study have 
been used to determine the true temperature from brightness temper-
ature measurements of boron during its deposition by chemical vapor 
plating onto incandescent surfaces and of boron rods during oxidation, 
in current research programs at Texaco Experiment Incorporated. 
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The hollow-tube method (to be discussed in detail later) was chosen 
for the emittance determination. This required the development of 
techniques for depositing boron of high purity onto thin-walled hollow 
tubes of graphite and molybdenum. In the sections that follow, Sec-
tion II gives some background information of a general nature on 
boron, on the preparation of boron by chemical vapor plating, and 
on emittance and its determination by the hollow-tube method. Sec-
tion III contains the experimental details of the present research, 
while Section IV reports the results and discusses them. Section V 
presents a summary of this work. In Section VI, immediately follow-
ing the bibliography, will be found a listing of reference numbers 
according to subject headings. 
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II. BACKGROUND INFORMATION 
A. General 
Several major surveys have been made of the literature concerning 
elemental boron in the last 20 years (17, 21, 47, 76, 95, 96). There 
are a number of contradictions in the boron literature, possibly re-
sulting from observations made on impure boron. Even today incorrect 
information is repeated. For example, in a survey of the properties 
of elemental boron published this year, a boiling point of 2500° K was 
listed, which is many hundreds of degrees lower than the accepted 
value. This situation should improve in the next decade because tech-
niques for producing pure boron are better known and also because 
of the relatively large number of investigators who are now interested 
in this element. In September 1959, a conference on boron sponsored 
by The Institute for Exploratory Research, U. S. Army Signal Research 
and Development Laboratory, was held at Asbury Park, New Jersey, at 
which 21 papers were given. To the author's knowledge, this was the 
first conference of any size in the United States devoted exclusively to 
the subject of elemental boron. From this conference it appeared that 
the research areas of future interest will include: 
1. Efforts to increase the purity level of boron well beyond 
99. 9%. 
2. Perfection of crystal-growing techniques to form large 
single crystals of boron and characterization of their 
crystal structures. 
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3. Investigation of the semiconducting properties of boron. 
4. Determination of the general physical and chemical proper-
ties of well-characterized samples of boron. 
B. Preparation of Boron by Chemical Vapor Plating 
Chemical vapor plating is considered to be the best method for producing 
many elements in high purity,. and this is particularly true for e.lemental 
boron (95), The general techniques involved in chemical vapor plating 
processes are covered in reference 99. In the case of boron, this pro-
. cess normally involves the thermal decomposition or the chemical re-
ductfon by hydrogen of a volatile boron compound such as a boron halide 
or the thermal decomposition of a boron hydride near or on a surface 
maintained at incandescent temperatures. The boron so liberated de-
posits onto the incandescent surface such as an electrically heated hot 
wire. The preparation of boron by "hot-wire" methods (chemical vapor 
plating) dates back many years. The chemical. reaction perhaps most 
often used involves the reduction of boron halides by hydrogen near in-
candescent filaments and was reported by Weintraub (156) as early as 
1911. Through the years a number of investigators (9, 15, 33, 36, 39, 
60, 62, 77, 80, 102, 130, 140, and others) have employed this method 
using various halides and filament materials of various diameters. Bol'on 
deposits in excess of 99% purity by this technique have been common, 
and purity as high as 99. 9+% has been reported (102). 
The establishment of the purity of boron samples presents a problem 
in itsel£. The best wet chemical analysis of total boron is considered 
to be accurate to within approximately± 0. 3% (expressed as a deviation 
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from the.computed percentage of boron). In this method the sample is 
oxidized to boric acid and then titrated with strong base in the presence 
of mannitol, which presumably complexes with the boric acid and in-
creases its effective acidic strength. Therefore it is evident that to 
establish the purity of samples found to be in excess of approximately 
99. 7 % boron by the titration method, one must do so by demonstrating 
the extent to which all possible impurities are present. 
C. Emittance and Its Determination 
A blackbody is an ideal material which absorbs all radiation falling on its 
surface and radiates energy continuously at a well-defined rate depend-
ing on its temperature according to the Stephan-Boltzman total radiation 
law: 
(1) 
where 
Wb = total radiant flux from unit area of a blackbody, watts/ cmz 
CT = constant, 5. 735 x lo-1z watts/ cmz -°K4 
T = absolute temperature, ° K 
Real solids (nonblackbodies) do not absorb all incident radiation nor 
do they radiate as much as a blackbody does at any given temperature. 
Total hemispherical emittance is defined as the ratio of the total radiant 
flux from a real solid (nonblackbody) to the total radiant flux from a 
blackbody at the same temperature. 
(2) 
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where 
Eht = total hemispherical emittance, a ratio 
W = total radiant flux from a unit area of a nonblackbody, 
watts/ cm2 
Therefore the total r~diant flux from a nonblackbody may be expressed 
as follows: 
Eht may have values only between 0 and l; many solids have values 
between 0. 1 and 0, 9. 
(3) 
The radiated energy discussed above is composed of electromagnetic 
radiation distributed over all wavelengths, The most accurate theoreti-
cal equation describing this distribution for a blackbody is given by the 
Planck radiation law: 
where 
\ -s; Cz /AT J ~b = AC1 I\ e - 1 
J )l.b = spectral radiant intensity of a blackbody, watts/ -
steradian-cm 
A =area, cm2 
C1 = constant, 1. 177 x 10 ~2 watt-cm2 
" =wave length, cm 
C2 =constant, 1. 438 cm-°K 
The Wien radiation law, 
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(4) 
(5) 
is very similar to that of Planck and is accurate to less than 1 o/o 
error in the range of visible and shorter wavelengths up to tem-
peratures around 4000° K. Because the Wien equation is simpler 
mathematically, it is used in nearly all cases. 
A spectral emittance for a given wavelength interval may be defined 
in a manner analogous to the total hemispherical emittance discussed 
above. Accordingly, the normal spectral emittance is the ratio of 
the radiant flux per steradian per unit of wavelength from a nonblack-
body, in a direction normal to the surface, to the radiant flux per 
steradian 'per unit of wavelength from a blackbody at the same temper-
ature and wavelength interval. 
Therefore: 
where 
EnA = normal spectral emittance, a numeric 
JnA = normal spectral radiant intensity of a nonblackbody, 
watts/ steradian-cm 
Therefore substituting for JJ_b in Equation 5, 
JnA = En)...AC1 A. -5 e -Cz/ AT 
In addition, an apparent temperature TA for nonblackbodies may 
be defined by the following equation: 
Jn>-- = ACi >._ -5 e -Cz/ A TA 
(6) 
(7) 
(8) 
TA is necessarily lower than the true temperature of the nonblackbody 
but equal to the. temperature of a blackbody radiating with an intensity 
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equal 1to Jn~ . 
Equations 7 and 8 may be combined to give 
1/ T - 1/ TA = >..1og10 En~ / 0. 4343 Cz (9) 
Thus in order to evaluate En>.- using this equation for a nonblackbody, 
it is necessary to know its true temperature, T, and its apparent black-
body temperature, T >-., , corresponding to a known wavelength, 'A. T).. 
may be measured experimentally at a known wavelength with an optical 
pyrometer of the disappearing filament type, and T}.. obtained .in this 
manner is called the "brightness temperature. " The temperature, T, 
may also be obtained with an optical pyrometer under appropriate ex-
perimental conditions such as that employed in the hollow-type method 
discussed below. 
EnA may have values only between 0 and 1; many solids have values 
between 0. 1 and O. 9. 
Although no known material surface radiates as well as a blackbody, 
the radiation coming from the interior of any opaque solid through a 
small hole, whose walls are maintained at a uniform temperature, 
closely approaches that of a blackbody. This is a consequence of multi-
ple reflections occurring within the cavity before the radiation reaches 
the exit. The greater the length-to-diameter ratio of the tube, the 
greater the number of reflections and, therefore, the more nearly the 
radiation approaches that of a blackbody. The temperature obtained 
with an optical pyrometer sighted on such a hole is very near the true 
temperature of the solid. 
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Electrically heated thin-walled hollow metal tubes with a small hole 
drilled at the midpoint also make very good blackbody radiators 
(1, 28, 69, 85). Such tubes have been used to determine the emittance 
of various metals because they conveniently provide blackbody radia-
tion from the hole at the midpoint and nonblackbody radiation from the 
tube surface adjacent to the hole, both at the same temperature. With 
an optical pyrometer, T may be obtained by sighting onto the hole, and 
TA_ may be obtained at the effective wavelength of the pyrometer by sight-
ing onto the surface adjacent to the hole in order to evaluate En>.. from 
Equation 8. To determine En}. for boron in this research, boron coat-
ings were formed on thin-walled graphite and molybdenum tubes with a 
small hole drilled at the midpoint, and appropriate temperature measure-
ments were made. 
Brightness temperatures are measured with optical pyrometers of the 
disappearing filament type by comparing the brightness of the incandescent 
object with that of an electrically heated tungsten filament which has been 
previously calibrated against blackbody radiation standards. 
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III. EXPERIMENTAL PROCEDURES AND CALCULATIONS 
A. Preparation of Boron Specimens 
Conditions were developed for preparing elemental boron of high 
purity in the shape of cylinders approximately 1 to 2 mm in diameter 
and several centimeters long, and also as thin coatings approximately 
O. 1 mm thick on hollow tubes of molybdenum and graphite. The 
method.used consisted of reducing boron tribromide vapor with 
hydrogen gas in the vicinity of an incandescent surface such as an 
electrically heated filament or tube. 
A schematic. diagram of the flow apparatus used is shown in Figure 1. 
The apparatus was constructed of Pyrex glass and Teflon fittings to 
prevent contamination from other materials such as stopcock greases. 
As shown in the diagram, hydrogen gas enters the apparatus at a given 
flow rate, temperature, and pressure. It is dispersed through a porous 
·Pyrex glass plug into liquid boron tribromide at a given temperature, 
where it picks up boron tribromide vapor, and the mixture of the two 
passes into the reaction cell. In the vicinity of the incandescent fila-
ment the boron tribromide is reduced, boron deposits on the filament, 
and the hydrogen bromide also formed is swept out of the cell by the 
excess hydrogen and any unreacted boron tribromide, The boron tri-
bromide then condenses in a cold trap for subsequent reuse. A typical 
set of conditions which gave crystalline boron was as follows: 
(a) a flow rate of 500 cm3 /min at 1 atmosphere and 25° C of 
hydrogen previously subjected to oxygen and water purifi-
cation; 
-13-
HYDROGEN 
AND 
HYDROGEN BROMIDE 
GAS 
INCANDESCENT 
FILAMENT 
-
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BORON TRIBROMIDE 
CONDENSER 
VOLTAGE REGULATOR 
BORON TRIBROMIDE 
SATURATOR 
FIGURE I. SCHEMATIC DIAGRAM OF THE APPARATUS FOR 
DEPOSITING BORON 
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(b) liquid boron tribromide at a temperature of 25° c, which 
. resulted in about 8 to 10 mole-percent of boron tribromide 
vapor in hydrogen downstream from the boron tribromide 
saturator; and 
(c) a 25-µ-diameter tungsten filament 5 cm in length maintained 
electrically at 1580°K. 
The rate of deposition under these conditions was about 10 mg boron/ -
z; . 
·Cm min. The rod diameter reached a value of 1 mm in about 15 minutes. 
Prior to the deposition, the filament was outgassed in hydrogen at about 
l 700°K for 5 to 10 minutes .. A photomicrograph of a rod of crystalline 
boron is shown in Figure 2. 
At lower temperatures amorphous boron was obtained and is shown in 
Figure 3. The most important factor in the production of amorphous 
boron is considered to be the temperature of the rod during deposition. 
This should not exceed about 1500°K, or else the boron will deposit in 
a polycrystalline form. Below about 1100°K the rate of deposition is 
relatively slow. These two considerations bracket the desired temper-
ature range for deposition o{ amorphous boron. The log of the rate of 
deposition as a function of the reciprocal of the filament temperature with 
25-µ-diameter tungsten filaments, 500 cm3/ min hydrogen flow rate, and 
25°·C boron tribromide liquid temperature is plotted in Figure 4. A tem-
perature dependence corresponding to 15 kcal/ mole was calculated from 
the slope. The interpretation of such apparent activation energies must 
be made with caution and will not be attempted in this report. 
The best results from the standpoint of filament breakage have been ob-
tained with tungsten filaments containing 1 % thorium dioxide, These 
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FIGURE 2. PHOTOMICROGRAPH OF A POLYCRYSTALLINE BORON 
ROD (APPROXIMATELY I MM IN DIAMETER) 
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FIGURE 3. PHOTOMICROGRAPH OF AN AMORPHOUS BORON ROD 
(APPROXIMATELY I MM IN DIAMETER) 
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FIGURE 4. LOG DEPOSITION RATE VERSUS l/T FOR AMORPHOUS 
BORON 
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filaments presumably do not recrystallize as readily as pure tungsten 
filaments under the conditions used, although other filament materials 
were used successfully, such as pure tungsten,, rhenium, tantalum, 
titanium, molybdenum, and graphite. By having the filaments in a 
horizontal position rather than in a vertical position, the temperature 
gradient along the length of the rod is reduced and thereby aids in the 
control of the deposition process. Care must also be taken to make the 
flow of reactants as uniform as possible to form a deposit of uniform 
dimensions. 
The reaction cell used for depositing boron onto hollow tubes is sho.vn 
in Figure 5, with a graphite tube mounted between two tungsten elec-
trodes. The circular, plane-surfaced glass window is necessary for 
the optical measurements. Photomicrographs of crystalline and amor-
phous boron deposits on molybdenum and graphite tubes are shown in 
Figures 6 to 10. The conditions for depositing boron onto the tubes. were 
essentially the same as for the tungsten filaments. 
Electrolytic cylinder hydrogen, reported to be 99. 9% pure, was used. 
Any oxygen present was removed by passing the gas over a palladium 
catalyst which caused the oxygen to react with the hydrogen to form 
water. This in turn was removed by passing the gas through potassium 
hydroxide and phosphorous pentoxide drying chambers followed by glass 
wool filters and a cold trap refrigerated with a mixture of solid carbon 
dioxide and chloroform. 
The boron tribromide was obtained from American Potash and Chemical 
Corporation, who reported a purity of 99. 5%. This liquid compound was 
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FIGURE 5. REACTION CELL WITH A GRAPHITE TUBE MOUNTED 
BETWEEN TUNGSTEN ELECTRODES 
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FIGURE 6. PHOTOMICROGRAPH OF POLYCRYSTALLINE BORON 
COATING ON GRAPHITE TUBE SHOWING BLACKBODY HOLE 
0.5 MM IN DIAMETER. RUN 245 
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FIGURE 7. PHOTOMICROGRAPH OF POLYCRYSTALLINE BORON 
SURFACE OF WHICH BRIGHTNESS TEMPERATURES WERE 
MEASURED. RUN 245. GRAPHITE SUBSTRATE (CRYSTAL 
FACES APPROXIMATELY 20 µ. ACROSS} 
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'·' '·/· '·,· 
' ,,., .. 
FIGURE 8. PHOTOMICROGRAPH OF POLYCRYSTALLINE BORON 
COATING ON MOLYBDENUM TUBE SHOWING BLACKBODY HOLE 
0.5 MM IN DIAMETER. RUN 248. (MOST OF THE BORON 
COATING WAS REMOVED AFTER DEPOSITION) 
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FIGURE 9. PHOTOMICROGRAPH OF POLYCRYSTALLINE BORON 
SURFACE OF WHICH BRIGHTNESS TEMPERATURES WERE 
MEASURED. RUN 248. MOLYBDENUM SUBSTRATE (CRYSTAL 
FACES APPROXIMATELY 20 µ. ACROSS) 
- 24-
FIGURE 10. PHOTOMICROGRAPH OF AMORPHOUS BORON COATING 
ON GRAPHITE TUBE SHOWING BLACKBODY HOLE 0.5 MM IN 
DIAMETER. RUN 243 
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purified by extrac.tion of dissolved bromine with mercury and by distilla-
tion over a narrow temperature range. Because of the. corrosiveness 
and ease of hydrolysis of boron tribromide a special distilling apparatus 
was used. The head of the column was of the total-condensation, variable 
take-off type. The reflux ratio was controlled automatically with a sole-
noid valve whose seat and plunger (containing a sealed-in iron slug) were 
made from a standard ground-glass ball-and-socket joint, size 12/ Z. 
When the coil was energized, the seat and plunger were separated, allow-
ing liquid to run into the receiver. Three distillate fractions could be 
taken by using an internal fraction splitter. A pivoted glass funnel with 
sealed-in iron slugs was employed with an external magnet to direct the 
distillate into the three receivers. 
The column itself was 1/ z inch in inside diameter, 24 inches long, packed 
with 3/ 16-inch Pyrex glass helices, and insulated with an evacuated, sil-
vered jacket. 
The various sections of the apparatus were connected by semiball joints 
lubricated with Halocarbon or Kel-F greases obtained from Halocarbon 
Products Corp., Hackensack, N. J., and W. K. Kellog Company, Jersey 
City, N. J. , respectively. 
After the dissolved bromine was extracted by reaction with a few cubic 
centimeters of mercury, the crude boron tribromide was transferred 
to a cylindrical separatory funnel which was attached to the still pot by 
a side arm. The distillation apparatus was then evacuated and held 
under vacuum for about 15 minutes. Air was then readmitted slowly 
through a phosphorous pentoxide trap to remove the water vapor from 
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the air. The crude boron tribromide was then admittedto the still 
pot and distilled at a reflux ratio of approximately 10: 1. The main 
fr action was callee ted over a boiling range of 90 to 91° C. This 
fraction was then redistilled and the boiling point range of the fraction 
collected was 91. 4 to 91. 6°C at 761 mm Hg pressure. 
The boron tribromide was thought to be very pure considering the 
narrow temperature range over which the vapors were collected 
relative to the very large difference in boiling points of the likely 
impurities in the starting crude mixture. The normal boiling points 
of these substances are listed below. 
Substance 
Bromine 
Boron tribromide 
Silicon tetrabromide 
Boiling Point, ° C at 
about 760 mm Hg pressure 
58.8 
91. 5 
153 
B. Characterization of Boron Specimens 
The crystalline boron coatings prepared were of high purity as evi-
. denced by wet chemical analysis of entire rods containing 25- µ-diameter 
tungsten filaments for total boron and emission spectrographic analysis 
for metallic impurities. Typical analytical results showed 99. 6% boron, 
0. 24% tungsten (calculated on basis of rod size), and small amounts of 
other metallic impurities amounting to a total of 0. 02%. X-ray shadow-
graphs (Figure 11) revealed that the tungsten was confined to the core 
of the rod Therefore the boron on the outer surface was even purer 
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FIGURE 11. X-RAY SHADOWGRAPH OF A BORON ROD SHOWING 
THE DARK TUNGSTEN CORE 
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than the analysis for the total rod indicated. Crystalline boron samples 
gave slightly higher purity than amorphous boron samples. 
The structure of the crystalline boron rods prepared in this laboratory 
under the conditions described in Section IHA above has been found in 
general to be a tetragonal modification with a density of 2. 36 g/ cm3 
(143}. The density of a crystalline boron sample removed from the 
molybdenum tube on which emittance measurements had been made was 
found to be 2. 35 g/ cm3 • This material was kindly x-rayed by Dr. Ben 
Post of Brooklyn Polytechnic Institute and found to be the tetragonal modi-
fication. X-ray diffraction patterns of amorphous boron rods revealed 
only two very diffuse rings corresponding to spacings of about 2. 5 and 
4. 3 A .. The density was found to be 2. 35 g/ cm3 • 
The above density values were obtained by a simple and convenient density-
gradient technique .. A density gradient was established in a glass tube by 
uniformly varying the proportions of tetrabromoethane (density, 2. 97 
g/ cm3 ) and chloroform {density, 1. 49 g/ cm3 ) from bottom to top and 
inserting commercially available calibrated glass floats varying in density 
from 2. 3000 to 2. 5000 g/ cm3 • A reasonably linear and stable density 
gradient was established, and the density of unknown boron specimens 
was determined by noting the depth to which they sank when placed in the 
tube as shown in Figure 12. This method is commonly used to determine 
density of plastics (3). 
Amorphous boron is quite opaque to visible light even in very thin sections, 
whereas tetragonal boron, while essentially opaque, will transmit at room 
temperatµre a small observable amount of red light in sections thinner than 
-29-
• 2.3000 g/cm 3 
2.3200 
4 2.3400 
4 2.3800 
4 2.4200 
4 2.4600 
4 2.5000 
FIGURE 12. DENSITY GRADIENT TUBE CONTAINING A NUMBER 
OF BORON SPECIMENS 
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about 50 µ. 
Both of these materials are semiconducting as evidenced by their high 
negative temperature coefficient of electrical resistance. The resistivity 
at room temperature was found to be on the order of 104 and 106 ohm-cm, 
respectively, for the amorphous and crystalline boron rods measured per-
pendicular to the axis of the rods. The surfaces of boron coatings on the 
molybdenum and graphite tubes were probed with an ohmmeter, which 
showed that the coatings had resistances greater than 10 5 ohms for amor-
phous and 106 ohms for crystalline boron. 
This may be taken as further evidence that very little, if any, substrate 
material diffused to the surface of the boron. If much had diffused, the 
. electrical resistance would have decreased drastically, as. was apparently 
observed in the case of boron-coated graphite tubes reheated for approx-
imately 20 minutes at 1965° K (Run 238-5). The resistance dropped from 
107 to 104 ohms. 
C. Brightness and Power Measurements 
The brightness measurements described in this section constituted primary 
data from which values of En>.. at O. 65 µfor boron were obtained. Power 
input to the electrically heated tubes was also incidentally measured and 
has been used to infer an approximate value of Eht for boron. Brightness 
and power measurements were made on uncoated tubes of graphite, molyb-
denum, and platinum and on boron-coated tubes of graphite and molybdenum. 
-31-
1. Optical Pyrometer and Window Corrections 
All brightness measurements were made with a 11Pyro" Model 85 optical 
pyrometer purchased from The Pyrometer Instrument Company, Inc., 
Bergerfield, N. J. The average effective wavelength of the light trans-
mitted by the filter used in this instrument is 0. 65 µ. as reported by the 
instrument maker over the range, of temperature encountered in this 
work. This pyrometer was checked against a tungsten strip lamp which 
had been calibrated by the National Bureau of Standards. The pyrometer 
agreed with the lamp to within :I: 5° K over the temperature range of 1200 
to 2000°K. 
Since brightness measurements were taken by sighting onto the tube 
through the circular glass window in the deposition cell (Figure 5), the 
transmission of radiation by the window had to be taken into account. 
The transmittance of the window was obtained by measuring the bright-
ness temperature of a small platinum strip lamp maintained at constant 
true temperature with and without the window between the lamp and the 
pyrometer. The transmittance was then calculated directly from Equa-
tion 9 where in this case T was equal to the brightness temperature without 
the window, TA was equal to the brightness temperature with the window, 
and, EnA was the fraction of the incident light which was transmitted. The 
transmittance was found to be 0. 84. 
2. Uncoated Tubes 
In order to prove the proposed method, brightness measurements were 
made at several temperatures and tube lengths on tubes of pure graphite, 
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molybdenum, and platinum heated electrically in an atmosphere of hydro-
gen. The tubes, shown in Figure 13, were mounted as shown in Figure 5. 
Blackbody hole diameters of approximately 0. 5 mm were used. The 
length of heated tube was varied by sliding one of the heavy tungsten 
electrodes to various distances inside the tube. The electrical power 
input at various tube temperatures was obtained from measurements of 
current and voltage drop across the tungsten electrodes .. Experiments 
were carried out over a temperature range of approximately 1200 to 
1600°K. 
3. Boron-coated Tubes 
In general, brightness temperature measurements were made of the 
blackbody hole {approximately 0. 5 mm in diameter) and the surface 
surrounding it while the incandescent tubes were in the ~epositionatmos­
phere during deposition of boron at a given temperature, and when 
possible, su'bsequently in hydrogen at various temperatures. In one 
case, Run 245-8, a graphite tube coated with crystalline boron was also 
reheated in an oxygen atmosphere in order to see what effect a liquid 
boron oxide film would have on the emittance. Crystalline boron was 
formed on graphite and molybdenum tubes near 1550°K, and amorphous 
boron was formed on graphite near 1335° K as determined from blackbody 
hole brightness temperatures. Boron was deposited for periods of time 
ranging from about 8 to 25 minutes. The brightness of the surfaces 
changed almost immediately upon addition of boron tribromide into the 
hydrogen stream entering the cell, thus indicating the start of boron de-
position. Brightness measurements (in terms of optical pyrometer tem-
perature readings) were alternately made of the blackbody hole and the 
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FIGURE 13. PHOTOGRAPHS OF MOLYBDENUM, PLATINUM, AND 
GRAPHITE TUBES (LEFT TO RIGHT) USED FOR EMITTANCE 
MEASUREMENTS SHOWING BLACKBODY HOLE 0.5 MM IN 
DIAMETER (APPROXIMATELY DOUBLE SIZE) 
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area on the outer surf ace adjacent to it. It was observed that the differ-
ence in brightness temperature between the surface and the blackbody 
hole became essentially constant a few minutes after the start of deposition. 
D. Calculations 
The only calculations which deserved special comment were those con-
cerning En.A. Equation 9 may be rewritten 
4( T-T>-- ) log10 EnA = -1. 759 x lO (T)._ + 460){T + 460) (10) 
for ~ equal to 0. 65 µ.and T and T)\ expressed in °F. Since the py-
rometer scale was calibrated in ° F, all calculations were carried out 
on this basis, and then pertinent quantities were converted to ° K in a 
final step. A number of optical pyrometer readings were made at each 
experimental condition, and the average of these was used in subsequent 
calculations. 
A correction of 20 to 50° F had to be added to the observed values of 
T and T;>... to take into account the transmittance of the intervening glass 
window. The correction applied in any given case was obtained from a 
plot of T - T,>._ versus T )\ in Equation 10 for En>._ equal to O. 84. For 
this transmittance correction only T - TA was the correction, T >--
was the observed optical pyrometer reading to be corrected, and 
En>.. was the transmittance of the window determined previously. 
The difference between these corrected values of hole and surface tern-
peratures gave the total difference in brightness temperature. Most of 
this difference was due to the difference in En~; however, some of this 
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difference was due to a difference in true temperature between the in-
side and outside of the tube caused by the outward conduction of heat. 
Therefore, this temperature drop was evaluated with a slight modifica-
tion of Angell' s equation (5) and subtracted from T - TA in Equation 10 
to solve for En)\ of the outer surface. For an electrically heated cylin-
drical tube whose length-to-diameter ratio is large, the power input is 
equal to the outward radial conduction of heat in steady sta~e •. 
Power In = Power Out 
1T(r2 - r 1 2 )ILE = k Zif rL dT/ dr 
where 
r = instantaneous radius 
r1 = inside radius 
I = current flow per unit area 
E = voltage drop per unit length 
L = tube length 
k = thermal conductivity of tube material 
d T/ dr = temperature gradient at r 
This expression may be integrated from inside radius r 1 to outside 
radius r 2 to give: 
EI (r2 2
2
-r1
2 
2 rz) AT - - - r1 ln-~ - 2k r1 
where 
AT = temperature drop across tube wall 
Equation 12 can be cast in a more convenient form by expressing EI 
in terms of total power input to the cylindrical tube: 
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(11) 
(12) 
where 
AT= VA 
4trLk 
V = total voltage drop 
A = total current 
AT then was the quantity which was subtracted from T - T).. in 
Equation 10 to account for the small difference in true temperature 
between the surfaces of the thin-walled tubes. 
After the above corrections were made for the transmittance of the 
glass window and the temperature drop across the tube wall, the 
normal spectral emittance was calculated from Equation 10. 
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{13) 
IV. RESULTS AND DISCUSSION 
In this section the results of the emittance measurements and a dis-
cussion of the errors involved are presented. 
A. Normal Spectral Emittance at 0. 65 Microns 
1. Graphite, Platinum,. and Molybdenum 
.Emittance data on uncoated tubes of graphite, platinum, and molybdenum 
are summarized in Table I. The temperature measurements listed repre-
sent the average of the number of readings shown at the top of each column. 
The calculated temperature drop across the tube wall was about 5° F for 
graphite. For platinum and molybdenum the drop was about 0. 4° F and 
was therefore neglected. In addition to the calculated emittance values, 
other pertinent information is included such as electrical power input 
per unit area averaged over the exposed length of each tube and radii of 
the tubes. The exposed length of tube is given in two parts representing 
the distance from the blackbody hole to each tungsten electrode. The 
longer the exposed length, the more nearly the radiationfrom the hole 
corresponds to that of a blackbody. The emittance values obtained at 
different values of exposed length are compared in Table II. From 
these data it appears that an exposed length of only 0. 9 cm on one side 
results in emittance values which are about 10% low and also that ex-
posed lengths of about 1. 3 cm result in emittance values which are equal 
within experimental error to values obtained with exposed lengths as 
great as 2. 0 cm and greater. 
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I 
l.>.I 
-.D 
I 
Tube Material 
Run Number 
Atmosphere 
No. of 
Determinations 
Hole Temperature, 
•F 
Observed 
Window 
Correction 
Corrected 
Surface Temperature, 
•F 
Observed 
Window 
Z.46/ I 
Hz 
4 
Z.303 
36 
Z.339 
Z.Z.12 
Correction 36 
Corrected Bright-
ness Temp. Z.308 
Corrected True 
Temp. Z.334 
Brightness Tem-
peratures Difference 
(T - T>,), °F 
Observed 31 
Window 
Correction 
Wall Correction 
Corrected 
Eni.. at O. 65 µ 
Power Input, 
watts/ cmz. 
Tube Dimensions, cm 
Exposed Length 
Inside Radius 
Outside Radius 
0 
-5 
Z.6 
o. 88 
57 
z.. 3+1. 9 
O. IZ. 
o. 16 
Graphite 
z. 
Hz 
7 
Z.IZ.O 
3Z. 
Z.ISZ. 
Z.077 
Z.l 
Z.108 
Z.148 
43 
-4 
40 
0.79 
48 
z.. 3+0. 9 
O. IZ. 
o. 16 
TABLE I 
SUMMARY OF EXPERIMENTAL EMITTANCE DATA ON UNCOATED TUBES 
3 
Hz 
z. 
Z.318 
37 
Z.355 
Z.Z.65 
36 
Z.301 
Z.350 
53 
-5 
49 
0.78 
S9 
4 
Hz 
9 
Z.343 
38 
Z.381 
Z.308 
37 
Z.345 
2.376 
35 
-5 
31 
0.86 
57 
Z..3+0.9 Z..3+1.3 
O.IZ 0.12. 
o. 16 o. 16 
2.47/ I 
Hz 
14 
2.305 
34 
Z.339 
ZIOZ 
30 
Z.132. 
2.339 
2.03 
4 
0 
Z07 
o. 3Z 
32. 
z. 3+3. 0 
o. 12.5 
o. 135 
z 
Hz 
29 
2305 
34 
2339 
2.104 
30 
Z.134 
2.339 
Z.01 
4 
0 
Z.05 
o. 3Z 
3Z 
Platinum 
3 
Hz 
8 
Z.360 
35 
Z.395 
Z.140 
31 
Z.171 
2395 
Z.10 
4 
0 
Z.14 
o. 33 
36 
4 
Hz 
8 
Z.3Z.5 
35 
Z.360 
2.100 
30 
Z.130 
2.360 
Z.Z.5 
5 
0 
2.30 
o. Z.9 
40 
5 
Hz 
14 
1995 
2.8 
Z.OZ.3 
1840 
Z.5 
1865 
Z.OZ.3 
155 
3 
0 
158 
o. 34 
ZS 
6 
Hz 
10 
1690 
2.Z. 
1712. 
1562. 
19 
1581 
17 IZ. 
IZ.8 
3 
0 
131 
o. 3Z 
19 
Z.48/ I 
Hz 
18 
Z.177 
3Z. 
Z.Z.09 
Z.03Z 
Z.9 
Z.061 
Z.2.09 
14S 
3 
0 
148 
o. 42. 
31 
2 
Hz 
9 
Molybdenum 
3 
Hz 
15 
Z.431 IBZ.6 
36 Z4 
2.467 1850 
Z.Z.67 1726 
33 22 
2300 1748 
Z.467 1850 
164 100 
3 z. 
0 0 
167 !OZ. 
o. 44 o. 45 
39 2.3 
4 
Hz 
16 
Z.401 
36 
Z.437 
Z.Z.35 
33 
Z.Z.68 
2.437 
166 
0 
169 
o. 43 
38 
Hz 
I') 
1936 
Z.6 
1962. 
1832. 
24 
1856 
1962 
104 
z. 
0 
106 
0.47 
2.7 
z. z.+1. 9 z. z.+1. s z. z+o. 9 z. z.+1. 9 z. z+1.9 z. z+z. z z. z+z. z z.z+z.z z. z.+1.8 2. 2• 1. ~ 
O. !ZS O. 12.S O. !ZS O. !ZS O. !ZS O. !Z3 O. 123 O. IZ3 O. 123 o. IZ3 
0. 135 O. 13S O. llS 0. 13S O. 135 O. 140 0. 140 O. 140 O. 140 0. HO 
TABLE 11 
NORMAL SPECTRAL EMITTANCE OF GRAPHITE, MOLYBDENUM, AND PLATINUM FOR VARIOUS 
LENGTHS OF EXPOSED TUBE AND PREVIOUSLY REPORTED EMITTANCE DATA 
This Investis;ation Previously Reported Values (1, 41) 
Approximate Approximate 
Exposed Length, Temperature. En>. Temperature, Wavelength, 
~ cm "K ~ "K Ee~ 
Graphite z. 3 1. 9 1550 0.88 1600 0.89 0,66 
(Carbon) 
z. 3 1. 3 1570 0.86 
z. 3 0.9 1560 0.78 
Molybdenwn z. z z.z 1500 0.44 1300 o. 38 o.665 
z. z 1. 8 1500 o. 45 Melting Point 0,43 o.65 
(Solid) 
Platinum z. z 3, 0 1560 0. 3Z 1600 O. ZS to O. 36 0. 65 and 
0,665 
z. z 1. 9 1560 0.3Z Melting Point 0.33 0,6"5 
(Solid) 
z. z 1, 5 1590 o. 33 
z. z 0.9 1570 O.Z9 
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The emittance values obtained appear to be quite satisfactory when 
compared with reported data on these materials also given in Table II, 
particularly when one considers the spread in reported data for platinum 
obtained by a number of investigators (1, 41). 
2. Polycrystalline and Amorphous Boron 
In Table III the emittance data obtained for polycrystalline and amorphous 
boron coated on graphite and molybdenum substrates are presented in the 
same manner as in Table I for uncoated tubes, The boron coatings were 
only about half as thick as the tube walls and apparently did not cause an 
appreciable temperature drop across the walls of the coated tube, be-
cause after the first few minutes of deposition of boron the temperature 
difference between the suxface and the blackbody hole remained essentially 
constant for a given temperature as more boron continued to deposit. For 
the purpose of calculating the wall correction, the assumption was made 
that the boron coatings had the same thermal conductivity as graphite at 
high temperatures. Although the thermal conductivity of boron near room 
temperature has been reported (137, 140), it did not seem appropriate to 
use this value for high temperatures, particularly since the use of the 
room temperature value leads to calculated temperature differences on 
the order of 200° F, which is several times the maximum possible consis-
tent with the observed pyrometer readings of hole and surface brightness 
temperatures. The total wall correction was calculated to be only 5 to 
10% of the observed difference in brightness temperature of hole and 
boron surface .. EnA. at 0. 65 µ for polycrystalline boron was found to be 
0. 70 at 1400° Kand to have a: negative temperature coefficient. A least-
square plot of the data for En~ versus temperature is given in Figure 14. 
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I 
~ 
N 
I 
I'ube Material 
Run Number 
At rnosphere 
No. o{ 
z 38/ l 
Deposition 
Determinations 
Surface Cryst, B 
Hole Temperature, 
'F 
Observed 
Windo,v 
z 346 
Correction 38 
Corrected Z 384 
Surface Temp. , • F 
Observed Z 353 
Window 
Correction JO 
Corrected Bright-
ness Temp. ZZ89 
Corrected True 
Temp. 2378 
Brightness Temp. 
Difference 
(T - 71' ), •F 
Observed 
Window 
93 
Correction Z 
Wall Correction -6 
Corrected 89 
Enll at O. 651' O. 64 
Power Input, 
watts/ cm' 56 
Tube Dimensions, cm 
Exposed Length 3. 0 
Inside Radius O. lZ 
Outside Radius O. 18 
TABLE Ill 
SUMMARY OF EXPERIMENTAL EMITTANCE DATA ON BORON-COATED TUBES 
Graphite 
Hz 
3 
H, 
4 
H, 
5 
H, 
Cryst. B Cryst. B Cryst. B Cryst. B 
2043 
30 
Z07 3 
1968 
Z9 
1997 
2068 
75 
1 
-5 
71 
o.64 
41 
3. 0 
O. 12 
o. 18 
2355 
38 
2393 
2263 
36 
2299 
2386 
92 
z 
-7 
87 
o. 64 
64 
3. 0 
0. 12 
o. 18 
2560 
44 
2604 
2450 
41 
2491 
2595 
110 
3 
-9 
104 
o. 63 
84 
3, 0 
O. lZ 
o. 18 
3038 
57 
3095 
2847 
5Z 
2899 
3078 
191 
-17 
179 
o. 55 
151 
3. 0 
O. lZ 
o. 18 
Graphite 
243/ z 
Deposition 
9 
Amorph. B 
1919 
27 
1946 
1879 
Z6 
1905 
1943 
40 
-3 
38 
o. 77 
24 
4.0 
O. 12 
o. 18 
245/ z 
Deposition 
Cryst. B 
ZZ83 
36 
2319 
ZZ06 
34 
2240 
Z313 
77 
z 
-6 
73 
o. 68 
42 
4. 0 
O. lZ 
o. 185 
3 
H, 
10 
4 
H, 
4 
Graphite 
H, 
4 
6 
H, 
4 
7 
H, 
4 
8 
o, 
IZ 
Molybdenum 
Z48/ 6 
Deposition 
9 
Cryat. B Cryst. B Cryst. B Cryst. B Cryst. B Cryst. Band Cryst. B 
1664 
Zl 
1685 
1626 
20 
1646 
11>81 
38 
-4 
35 
o. 74 
ZS 
z. 4 
O. lZ 
o. 185 
1835 
ZS 
1860 
1790 
24 
1814 
1856 
45 
-4 
42 
o. 73 
34 
z. 4 
O. 12 
o. 185 
Z049 
30 
2079 
1996 
Z9 
ZOZ5 
2074 
53 
-5 
49 
o. 74 
44 
2. 4 
O. lZ 
o. 185 
2268 
36 
2304 
Zl90 
34 
Z2Z4 
2298 
18 
z 
-6 
74 
0.68 
54 
Z.4 
0, lZ 
0.185 
1896 
Z7 
1923 
1846 
26 
1872 
1918 
50 
-5 
46 
o. 7Z 
38 
z. 4 
O. lZ 
o. 185 
Boron Oxide 
Z137 
33 
Zl70 
Z081 
31 
2112 
2166 
56 
z 
-4 
54 
o. 73 
3Z 
z. 4 
O. lZ 
o. 185 
ZZZ5 
32 
2257 
Z165 
31 
2196 
2254 
60 
-3 
58 
o. 73 
58 
4. 0 
o. 123 
o. 150 
1.0 
0.9 
0.8 
-
0.7 
::I. 
It) 0.6 CD 
0 
t- 0.5 
ct 
...c: 0.4 c 
L!J 
0.3 
0.2 
0.1 
0 
1000 
En o.6Sf' c: 1.01-2.21 x I0-4 T 
---
EXPERIMENTAL DATA 
0 R 245 GRAPHITE SUBSTRATE 
0 R238 GRAPHITE SUBSTRATE 
- -
6 R248 MOLYBDENUM SUBSTRATE 
--
-
1200 1400 1600 1800 2000 2200 
---
2400 
FIGURE 14. NORMAL SPECTRAL EMITTANCE OF POLYCRYSTALLINE 
BORON VERSUS TEMPERATURE AT 0.65 µ. 
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The equation for the fit was found to be 
En}.. = 1. 01 - 2. 21 x 10-4 T 
for T between 1190 and 1700° Kand for 1' of 0. 65 µ. 
Inspection of this equation immediately reveals that at T = 0° K, 
EnA is very near unity, the value for a blackbody. This is curious 
but probably has no significance whatsoever. 
Only one determination was made of En~ for amorphous boron, The 
result was 0. 77 near 1330°K as compared to O. 72 for the crystalline 
boron. 
No significant difference in the emittance of polycrystalline boron was 
observed when a boron oxide film was allowed to form on the surface 
at 1460°K by substituting an oxygen atmosphere in the cell in place of 
the hydrogen normally used. 
B. Total Hemispherical Emittance 
It was found that graphite tubes before and after coating with poly-
' 
crystalline and amorphous boron required approximately the same 
electrical power input to maintain a given true temperature. This in-
dicated that these boron coatings had about the same value of Eht as 
the uncoated graphite tubes. 
Plots of the experimentally determined power input per unit area versus 
the blackbody hole temperature for graphite and boron-coated graphite 
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tubes are shown in Figure 15. Inspection of these curves shows that 
for a given length of tube the power per unit area required .is essen-
tially equal for graphite and boron-coated graphite tubes. The value 
of Eht for graphite is reported (16) to be 0. 78 at these temperatures, 
and therefore Eht for boron is estimated to be approximately 0. 8. 
Obviously, all the input power is not lost by radiation alone; however, 
for the present purpose it is only necessary that a large part of the 
total power per unit area loss be by radiation. That this is the case 
may be readily shown by comparing the total power per unit area re-
quired at a given temperature with that calculated to be lost by radia-
tion using Equation 3 and the reported value of Eht for graphite. At 
1500° K this was calculated to be 23 watts/ cm2 ,. which is about 40% of 
the total power input at that temperature shown on the upper curve in 
Figure 15. The shorter tubes required more power per unit area than 
the longer ones because end losses represented a larger fraction of the 
total power input. 
This method is much less reliable for boron coated on molybdenum 
tubes because the power loss by radiation at these temperatures for 
uncoated molybdenum tubes was a small fraction of the total power 
input. 
C. Discussion of: Errors 
Of the terms involved in the evaluation of Equation 10 for En,\ , the 
term T - TA is the most important, because the error in this quantity 
contributes predominantly to the error in EnA. Experimentally it was 
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N 
E 
CJ 
' Ill 
-
-0 
3: 
A 
.... 
:::> 
a.. 
z 
0:: 
IJJ 
~ 
0 
a.. 
175 
150 
125 
100 
75 
50 
25 
6 UNCOATED GRAPHITE, 4 cm LONG 
\7 
0 
0 
0 
POLYCRYSTALLINE BORON ON GRAPHITE, 4 cm LONG 
AMORPHOUS BORON ON GRAPHITE, 4 cm LONG 
UNCOATED GRAPHITE, 3 cm LONG 
POLYCRYSTALLINE BORON ON GRAPHITE, 
2.4 TO 3 cm LONG 
O'-~~~-'-~~~-i..~~~__..__~~~.._~~~-'-~~~....1 
1000 1200 1400 1600 1800 2000 2200 
T, °K 
FIGURE 15. POWER INPUT VERSUS BLACKBODY HOLE TEMPERATURE. 
FOR GRAPHITE AND BORON COATED GRAPHITE TUBES 
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found that uncorrected values obtained for T - TA showed in general 
. an average deviation from the mean of several readings of 5°F. This 
corresponds to a difference of about 0. 02 in En)\ for values near 0. 70 
and at the temperatures used .in these experiments. The entire window 
correction for T - TA was only a few degrees at most, and therefore 
eveµ an appreciable error in the window correction would have a negli-
gible effect on EnA . Since the correction in T - Tf- due to the tem-
perature drop across the tube walls was generally 5°F or less, the 
error in this quantity would have only small effect on En>.. . This 
assumes that the boron coatings did not greatly affect the temperature 
drop across the tube. Experimental observations were given in Section IV 
AZ above to support this assumption. 
From the En>._ results on the uncoated tubes, it appears that the tubes 
used in this work were good blackbody radiators. It may be pointed 
out that a deviation of 3 % of the blackbody hole from true blackbody 
radiation would result in a difference in En)\ values obtained of about 
0. 02. 
The experimental points in Figure 14 gave a standard deviation of 0. 03 
for En>-. , which is quite satisfactory when it is considered that the 
data were obtained from several different runs with two different sub-
strate materials. 
The value of 0. 8 obtained for Eht for the boron-coated graphite tube is 
considered only approximate because of the complicating effects of heat 
loss to the tungsten electrodes and to the hydrogen atmosphere by con-
duction and convection, and the possibility that transmission of some in-
frared radiation through the boron coating occurred. 
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V. SUMMARY 
The main objective of this work was to determine the normal spectral 
emittance of elemental boron at 0. 65 µ. over a useful temperature range 
so that true temperatures might be obtained from measured brightness 
temperatures of boron in other studies of this element at high temper-
atures. The hollow-tube method was used. This consisted of measuring 
with _an optical pyrometer the brightness temperature of the surface of 
a thin-walled hollow cylindrical tube and also the brightness temperature 
of the radiation emerging from a small hole drilled through the walls of 
the tube at its midpoint. The normal spectral emittance was then calcu-
lated with these brightness temperatures and the Wien radiation law. Two 
relatively small corrections were made because of the presence of a glass 
window between the pyrometer and the tube and a difference in true tem-
perature between the inside and outside surfaces of the tube. The equa-
tion 
En).._ = 1. 0 1 - 2. 21 x 1o- 4 T 
for >-. = 0. 65 µ.and T between 1200 and 1700°K was obtained from a 
least-square fit to the data obtained for polycrystalline boron, which 
.was apparently a tetragonal modification reported previously (143). One 
determination was made for amorphous boron and found to be 0. 77 near 
1330°K. 
The total hemispherical emittance of polycrystalline and amorphous 
boron was also estimated to be 0. 8 based on a comparison of power 
loss around 1500°K of graphite and boron-coated graphite tubes. 
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The mllow-tube method was :µiade possible in the case of boron by 
depositing thin boron coatings approximately 0. 1 and O. 2 mm thick 
onto thin-walled hollow tubes of graphite and molybdenum. The coat-
ing was applied by chemical vapor plating. Boron tribromide was 
reduced by hydrogen in the vicinity of filaments or tube surfaces main-
tained electrically in the 1300 to 1600°K range. Boron rods produced 
by this method on tungsten filaments were found to have purities around 
99%, and the surfaces of these boron. coatings were considerably purer 
than this since the substrate filament was confined to the core of the rod, 
The boron was further characterized by microscopic examination, x-ray 
diffraction, x-ray shadowgraphs, density measurement, observation of 
light transmission in the visible range, and measurements of electrical 
resistance, 
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